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"METHOD OF REDUCING MULTIDRUG 
RESISTANCE IN CELLS AND TISSUES" 

Technical, Field 

The present invention relates to vaccines for 
reducing multidrug resistance in cells and tissues, especially 
cancer cells. More particularly, the present invention relates to a 
method of vaccinating against certain portions of P-protein and 
using the vaccines to to reduce multidrug resistance in cancer 
cells in vivo. 

Background of the Invention 

While many cancers have been treated successfully 
by chemotherapeutic agents, a significant number of cancers are 
intrinsically drug resistant and others acquire resistance following 
chemotherapy. Cancers are frequently resistant to more than one 
type of drug. This phenomenon is called multidrug resistance or 
MDR. The recognition that a complex drug resistance phenotype 
of broad specificity in human tumors could limit seriously 
successful chemotherapy has provided the incentive to study MDR 
cell lines as a model for clinical drug resistance. 

The most common form of MDR is resistance to 
many natural products drugs with widely different structures and 
different" mechanisms of action. In Table. L Pastan et al show a 
few drugs used in the treatment of cancer in relation with the 
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multidrug resistance to them. (See Pastan, L, Willingham, M.C., 
& Gottesman, M. (1991) FASEB J. 5, 2523-2528.) 

Table I 

Natural Product Drugs Used to Treat Cancer 


Drim 

Intracellular Tareet 

MDR 

Doxorubicin 

DNA; topoisomerase II 

Yes 

Daunomycin 

DNA; topoisomerase II 

Yes 

Camptotechin 

Topoisomerase I 

No 

Vinblastine 

Tubulin 

Yes 

Vincristine 

Tubulin 

Yes 

Taxol 

Tubulin 

Yes 

Actmomycin D 

RNA transcription 

Yes 

Bleomycin 

DNA damaee 

No 


The study of MDR in vivo has been more difficult to 
quantify; nonetheless, highly drug resistant cells to one or several 
of the compounds listed in Table I have been obtained and 
extensive studies have been conducted on those cells. Several 
alternative explanations of the reduction of intracellular drug 
concentration have been proposed, but two hypotheses have 
received most of the attention of the scientific community. It has 
been speculated that P-protein may be directly involved in drug 
transport in multidrug-resistant cells, either as an efflux pump or 
by changing permeability of the lipid bilayer. For a general 
review of P-protein, see Endicott, LA., et al. "The Biochemistry 
of P-Glycoprotein-Mediated Multidrug Resistance", Ann. Rev. 
Biochem. (1989), 58:127-71. 

It has emerged that a net decrease of the intracellular 
concentrations of drugs underlies the multiple drug-resistant 
phenotype. Analysis of different multidrug-resistant cell lines has 
indicated that the phenomenon of multidrug resistance is due to 
decreased drug accumulation in the resistant cells. Studies of 
drug transport in different multidrug-resistant cell lines have 
suggested that decreased drug accumulation in the resistant cells 
results in part from an increased rate of drug efflux occurring by 
an energy-dependent mechanism. Further, drug accumulation is 


SUBSTITUTE SHEET 


WO 94/10198 


3 


PCT/EP93/03073 


enhanced by metabolic inhibitors. Studies have led to the concept 
of an energy-dependent efflux pump responsible for the removal 
of various lipophilic compounds from multidrug resistant cells. 

Irrespective of the mechanism causing MDR in cells, 
the most common biochemical characteristic of multidrug- 
resistant cells is the increased expression of a membrane 
glycoprotein with a molecular weight of approximately 170,000 
Daltons. The size of P-protein, sometimes referred to as P- 
glycoprotein, in the absence of N-glycosylation has been estimated 
as approximately 140,000 Daltons. Using cDNA clones for the 
hamster P-protein, several investigators have shown that the P- 
protein gene is amplified in muitidrug-resistant cell lines, and that 
gene amplification is accompanied by increased expression of 4.5 
to 5.0 kb P-protein mRNA. Differential amplification of DNA 
sequences hybridizing to P-protein clones has suggested that P- 
proteins may be encoded by a multigene family. 

Studies on expression of MDR1 mRNA in normal 
tissues indicate substantial expression in colon, small intestine, 
kidney, liver, and adrenal glands with very low level expression 
in most other tissues. P-protein is located on the biliary surface 
of hepatocytes and small biliary ductules, on the brush border of 
renal proximal tubule cells, on the lumenal surface of pancreatic 
ductules, on the lumenal surface of the mucosa of the small and 
large intestine, and diffusely in both medulla and cortex of the 
adrenal. MDR RNA is found in a similar location in the 
gastrointestinal tract in the hamster by in situ hybridization. In 
the mouse, an MDRl-related gene is also expressed at high levels 
in secretory epithelial cells in the gravid uterus. This localization 
is consistent with a role for P-protein as a transporter in most of 
these organs. Liver, kidney, and bowel are the sites from which 
cytotoxic natural products present in the diet, or introduced by 
the chemotherapist, are removed from the body. Hence, the 
MDR1 gene product could be functioning as a multidrug 
transporter in these locations to protect animals from a variety of 
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cytotoxic compounds present in their diets. In rat liver, levels of 
MDR1 RNA increase after hepatectomy or after treatment with 
chemical carcinogens, supporting the idea that expression of the 
MDR1 gene is a response to toxic insult. In the adrenal gland or 
the pregnant uterus, the MDR1 gene product may also be involved 
in transport of endogenous metabolites. 

Adenocarcinomas derived from adrenal, kidney, 
liver, and bowel are known to be intrinsically resistant to a broad 
range of chemotherapeutic agents, including the drugs to which 
multidrug-resistant cells are resistant. These tumors express easily 
detectable levels of MDR1* mRNA, suggesting that their 
multidrug-resistant phenotype is related to the presence of the 
multidrug transporter. For kidney tumors, this concept is 
supported by evidence that unselected cell lines derived from 
kidney cancers express MDR1 RNA and are multidrug-resistant, 
and this resistance can be reversed by verapamil and quinidine. 

There is a great need for compositions and methods 
for inhibiting the multidrug resistance function of the P-protein 
during chemotherapy treatment of cancers so that the cytotoxic 
drugs administered to patients are not excluded from the cancer 
cell. The compositions and methods should not be toxic to other 
cells or tissues, and should specifically inhibit the ability of P- 
glycoprotein to confer multidrug resistance on cells. 

Summary of the Invention 

The present invention generally involves methods 
and compositions for reducing or mitigating multidrug resistance 
in cancer cells and tissues. The present invention more 
particularly involves antigenic P-glycoprotein-containing 
compositions that, when administered to a human or animal with 
a multidrug resistance cancer or tumor, elicit the production of 
antibodies specific for certain portions of the P-glycoprotein 
molecule which reduce multidrug resistance, thus making the 
cancer or tumor more sensitive to anti-cancer drugs. 
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Examples of P-glycoprotein-containing compositions 
include liposomes having portions of P-glycoprotein externally 
presented on their surfaces, P-protein peptide fragments, 
modified P-protein fragments and liposomes containing P-protein 
peptide fragments and/or modified P-protein peptide fragments. 
The present invention also encompasses mixtures of at least one 
adjuvant and at least one of the above identified P-glycoprotein- 
containing compositions. It is contemplated that one or more of 
the aforementioned compositions can be used as a vaccine to 
reduce multidrug resistance in cancer cells in a human or animal 
with the cancer. 

The present invention also includes antibodies 
specific for externally accessible regions or epitopes of the P- 
protein. For example, these antibodies would be produced by and 
purified from humans with strong immune systems, and injected 
into patients with weak or non-functional immune systems in need 
of such circulating antibodies. Thus, according to the present 
invention, multidrug resistance in cells and tissues can be reduced 
either by active immunization of an individual having multidrug 
resistance using antigenic P-glycoprotein-containing compositions 
or by passive immunization via administering an antibody or a 
group of antibodies specific for P-protein epitopes. 

Accordingly, it is an object of the present invention 
to provide methods and compositions for reducing multidrug 
resistance in a human or animal with a multidrug resistant cancer 
and cells and tissues having multidrug resistance. 

It is another object of the present invention to 
provide methods and compositions for reducing multidrug 
resistance in cancer cells. 

It is yet another object of the present invention to 
provide methods and compositions for vaccinating a human or 
animal against certain extracellular sequences of P-protein to 
reduce the multidrug resistance of cells and tissues. 
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It is yet another object of the present invention to 
provide methods and compositions for passively immunizing a 
human or animal against certain extracellular sequences of 
P-protein to reduce the multidrug resistance of cells and tissues. 

Another object of the present invention is to provide 
P-glycoprotein-containing compositions that are antigenic and 
elicit an immune response against P-glycoprotein. 

It is still another object of the present invention to 
provide P-protein peptide fragments corresponding to the 
externally exposed portions of P-protein and methods of use 
thereof. 

Yet another object of the present invention is to 
provide P-protein peptide fragments modified with antigenic 
carriers to increase the antigenic response to P-protein peptide 
fragments, and methods of use thereof. 

It is yet another object of the present invention to 
provide P-protein peptide fragments and modified P-protein 
peptide fragments in liposomes and method of use thereof. 

It is still another object of the present invention to 
provide P-protein peptide fragment-containing compositions in 
combination with adjuvants to stimulate the immune response. 

Another object of the present invention is antibodies 
specific to externally exposed regions of P-glycoprotein useful 
for passively immunizing a human or animal and thereby 
reducing multidrug resistance. 

These and other objects, features and advantages of 
the present invention will become apparent after a review of the 
following detailed description of the -disclosed embodiment and 
the appended claims. 
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Brief Description of the Figures 

Figure 1 is a schematic representation of the putative 
structure of P -protein and its orientation in the membrane of a 
liposome. 

Figure 2 represents a P-protein peptide fragment 
modified at one end with a lipophilic moiety and inserted into a 
lipid bilayer resulting in a "tail presentation." 

Figure 3 represents a P-protein peptide fragment 
modified at both ends with lipophilic moieties and inserted into a 
lipid bilayer resulting in a "loop presentation." 

Figure 4 is a graph illustrating the percent cells 
surviving as a function of accumulation in the cells of 
doxorubicin. 

Figure 5 is a histogram illustrating the level of 
fluorescence intensity, indicating the level of anti-P-protein 
peptide binding, as a function of exposure to various doxorubicin 
concentrations. 

Figure 6A is a dot blot determination in which 
antibodies directed against the liposome carrier alone were 
incubated with the 38-mer, 16-mer and 14-mer mouse P-protein 
peptide fragments, SEQ. ID. NOS: 1, 2, and 4, respectively. 

Figure 6B is a dot blot determination in which 
antibodies directed against the liposome carrier alone were 
incubated with the 38-mer, 16-mer and 14-mer mouse P-protein 
peptide fragments, SEQ. ID. NOS: 1, 2, and 4, respectively. 

Figure 7A is a dot determination in which antibodies 
directed against a mixture of P-protein peptide fragments (38- 
mer, 16-mer, 9-mer, and 14-mer; SEQ. ID. NOS: 1-4, 
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respectively) in liposomes are incubated with 38-mer, 16-mer, 
and 14-mer P-protein peptide fragments, SEQ. ID. NOS: 1, 2, 
and 4, respectively. 

Figure 7B is a dot blot determination in which 
antibodies directed against a mixture of P-protein peptide 
fragments (38-mer, 16-mer, 9-mer, and 14-mer; SEQ. ID. NOS: 
1-4, respectively) in liposomes are incubated with 38-mer, 16- 
mer, and 14-mer P-protein peptide fragments, SEQ. ED. NOS: 1, 
2, and 4, respectively. 

Detailed Description of the Present Invention 

The present invention comprises methods and 
compositions for reducing multidrug resistance in a human or 
animal. The antigenic P-glycoprotein-containing compositions of 
the present invention include, but are not limited to, P- 
glycoprotein containing liposomes, P-protein peptide fragments, 
P-protein peptide fragments combined with adjuvants, modified 
P-protein peptide fragments, modified P-protein peptide 
fragments combined with adjuvants, liposomes containing P- 
protein peptide fragments, and liposomes containing modified P- 
protein peptide fragments. Still further, the present invention 
includes antibodies directed against, and specific for, the 
externally accessible portions of P-glycoprotein. 

As used herein, the term "P-glycoprotein" refers to a 
membrane bound glycosylated protein having amino acid 
sequences externally exposed on the outer surface of cells which 
confers multidrug resistance to those cells. The term "P-protein" 
refers to the amino acid sequence of P-glycoprotein without 
carbohydrate groups attached. This term "P-protein peptide" 
refers to incomplete amino acid sequences of P-protein or peptide 
fragments of P-protein. Also as used herein, the term "antigenic 
carrier' 1 refers to substances which when bound to P- 
glycoprotein, P-protein, P-protein fragments, or modified P- 
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protein peptide fragments, elicit or enhance an immune response 
against P-glycoprotein in humans or animals. Further, the term 
"effective amount" refers to the amount of P-glycoprotein, P- 
protein, P-protein fragments, or modified P-protein peptide 
fragments, which when administered to a human or animal causes 
a reduction in multidrug resistance and increased sensitivity to 
chemotherapeutic agents. The effective amount can be readily 
determined by one of skill in the art following routine 
procedures. For example, P-peptide compositions may be 
administered in a range of approximately 100 ug to 1 mg per 
patient, though this range is not intended to be limiting. This 
approximate range of administration has been used, e.g., for 
peptide vaccines for malaria. The actual amount of P- 
glycoprotein composition required to elicit an immune response 
will vary for each individual patient depending on the antigenicity 
of the P-glycoprotein composition administered and on the 
immune response of the individual. Consequently, the specific 
amount administered to an individual will be determined by 
routine experimentation and based upon the experience of one 
skilled in the art. 

As shown in Fig. 1, mouse P-glycoprotein exposes 
on the surface of a liposome six peptide loops having sequences of 
9 to 38 amino acids each. Human P-glycoprotein has 5 externally 
exposed peptide loops. The amino acid sequences of these 
externally exposed loops are an essential feature of the invention. 
These sequences are incorporated into the P-protein-containing 
compositions of the present invention, which may be used to 
directly immunize a human or animal having a cancer or tumor 
that is resistant to many drugs. Despite the presence of P- 
glycoprotein on certain normal cell types, e.g. kidney and liver 
cells as discussed above, induced autoimmunity against P- 
glycoprotein is not harmful. 
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Alternatively, the P-glycoprotein containing 
compositions of the present invention may be used to produce 
antibodies directed against externally exposed regions or epitopes 
of P-protein. These antibodies can be administered to multidrug 
resistant individuals to passively immunize them against P- 
glycoprotein and thereby reduce multidrug resistance. 

More specifically, the present invention encompasses 
P-glycoprotein inserted into liposomes so as to present on the 
liposome surface portions of P-glycoprotein normally exposed on 
cell surfaces. Such liposomes may be made by reconstituting 
liposomes in the presence of purified or partially purified P- 
glycoprotein. Additionally, P-protein peptide fragments that 
correspond to externally presented loops of P-protein, i.e. those 
portions of the P-protein presented on the outside of cell surfaces 
and accessible to antibodies are encompassed by the present 
invention. The present invention also includes P-protein peptide 
fragments modified so as to increase their antigenicity, for 
example by the attachment of antigenic carriers, and adjuvant 
mixtures thereof. Examples of adjuvants include, but are not 
limited to, lipophilic muramyl dipeptide derivatives, nonionic 
block polymers, aluminum hydroxide or aluminum phosphate 
adjuvant, and mixtures thereof. 

The present invention further encompasses P-protein 
fragments modified with lipophilic moieties, such as palmitic 
acid, that* facilitate insertion into liposomes so that the P-protein 
orients itself in the liposome membrane in a manner similar to its 
orientation in natural membranes. Lipophilic moieties of the 
present invention may be fatty acids, triglycerides and 
phospholipids wherein the fatty acid carbon back bones have at 
least 10 carbon atoms. Most preferable are lipophilic moieties 
having fatty acids with a carbon backbone of at least 
approximately 14 carbon atoms and up to approximately 24 
carbon atoms. The most preferred lipophilic moieties have a 
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carbon backbone of at least 14 carbon atoms. Examples of 
lipophilic moieties include, but are not limited to, palmitic acid, 
stearic acid, myristic acid, lauric acid, oleic acid, linoleic acid, 
and linolenic acid. The most preferred lipophilic moiety is 
palmitic acid. 

As shown in Fig. 2, a P-protein peptide fragment 
(10) may be modified by coupling to it a lipophilic moiety (12) 
which facilitates insertion of the molecule into a liposome 
membrane (14) resulting in a "tail presentation." Another 
possible modified P-protein peptide fragment is depicted in Fig. 
3, where a peptide fragment (16) is modified at both ends of the 
amino acid sequence with lipophilic moieties (18), which can be 
either the same or different moieties, so as to facilitate insertion 
into a liposome membrane (20) resulting in a "loop presentation." 

P-protein peptide fragments and modified P-protein 
peptide fragments, and adjuvant mixtures thereof, as well as the 
above-described liposome compositions can be administered to a 
human or animal to induce immunity to certain regions of 
P-glycoprotein thereby reducing that individual's multidrug 
resistance. This induced autoimmunity is not deleterious to 
healthy individuals, as shown in Table 2. After the human or 
animal has been immunized against the P-protein, the human or 
animal will have circulating antibodies against P-protein which 
bind to the externally exposed portions of P-protein, thereby 
reducing or inactivating its ability to confer multidrug resistance 
on the cell. 

TABLE 2 

BLOOD COUNT OF MICE IMMUNIZED AGAINST 
P-GLYCOPROTEIN SEGMENTS 

Cell Type Control Non-Injected Liposome-Injected Liposome-Peptide Injected 
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WBC 

8900+834.40 

o600±306.7a 

ob00±122o.0Z 

NE 

23%±3.00 

23.66%±3.79 

21.66%± 2.08 

LY 

71%±2.00 

74.33%±2.31 

72.66%±2.52 

MO 

66%+ 1.00 

4.33%± 0.58 

5%±1.00 

EO 

0.66%±0.58 

1%±0.00 

0.66%±0.58 

BA 

0%+0.00 

0%+0.00 

0%+0.00 


Where WBC is white blood ceils; NE is neutriphile cells; LY is lymphocte cells; 
MO is monocyte cells; EO is eosinocyte cells; and BA is basophile cells. 


Liposomes With the P-glycoprotein inserted into the 
membrane, as well as other antigenic compositions containing one 
or more P-protein peptide fragments, also can be used to produce 
a panel of monoclonal or polyclonal antibodies that are specific 
for the externally exposed portions of the P-protein, which can be 
used to inhibit multidrug resistance. Antibodies can be made by 
methods that are well known to those of ordinary skill in the art, 
as described, for example, in Aiving, C.R. et al. Proc. Nat'l. 
Acad. Sci. USA (1992) 89:358-362, and Aiving, CJU J- Immuno. 
Meth. (1991) 1 40 :1-13. hereby incorporated by reference. 
These antibodies, when administered to multidrug resistant 
individuals, will bind the extracellular portions of the P- 
glycoprotein and are capable of inhibiting the activity of 
P-glycoprotein, thereby reducing multidrug resistance in a human 
or animal. It is to be understood that the present invention can be 
practiced using P-protein from any source. 

The anti-P-protein antibodies can be administered to 
a human or animal by any appropriate means, preferably by 
injection, to reduce the multidrug resistance activity of P- 
glycoprotein. For example, a patient undergoing chemotherapy 
for a cancer diagnosed as being multidrug resistant, or developing 
multidrug resistance, may be treated with P-glycoprotein 
reconstituted in liposomes or with antigenic peptide fragments 
thereof to produce circulating anti-P-protein antibodies. 
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Alternatively, a anti-P-protein antibody preparation can be 
administered to the patient preferably before the administration 
of the chemotherapeutic drug or drugs. Whether internally 
produced or provided from external sources, the circulating 
antibodies will bind to the exposed portions of the P-glycoprotein 
and reduce or inactivate its ability to exclude drugs from the cell. 

Briefly described, the gene or genes encoding the 
human multidrug transport system are cloned from human 
multi drug-resistant KB cells by selecting for resistance to high 
levels of colchicine, vinblastine, or doxorubicin (Adriamycin). 
These cells contain many minute and double minute 
chromosomes, and by ingel renaturation analysis, amplified DNA 
segments common to all these cell lines are identified in their 
genomic DNA. By homology with similarly amplified sequences 
in multidrug-resistant Chinese hamster cells, two related human 
genomic sequences are isolated from multidrug-resistant KB cells. 
These were designated MDR1 and MDR2. MDR1 and MDR2 are 
genetically linked and map to chromosome 7q. 

Expression of a 4.5-kilobase mRNA, corresponding 
to the MDR1 gene only, is found to correlate with drug resistance 
in many different multidrug resistant cells. Using the genomic 
MDR1 probe, overlapping cDNA segments for the entire MDR1 
RNA is obtained and sequenced. This full-length cDNA encodes 
the cell surface 170,000-Dalton P-protein. Similar MDR cDNAs 
have been cloned and completely sequenced from the mouse. 
Based on over expression of the MDR RNA in multidrug-resistant 
cells, cDNA clones from the mouse and hamster can also be 
obtained. 

Liposomes that can be used in the compositions of the 
present invention include all those known to one skilled in the art. 
Any of the standard lipids useful for making liposomes may be 
used. Monolayer, bilayer and multi-layer liposomes may be used 
to make compositions of the present invention. While any method 
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of making liposomes known to one skilled in the art may be used, 
the most preferred liposomes are made according to the method 
of Alving et al.. Infect. Immun. 60:2438-2444, 1992, hereby 
incorporated by reference. The liposome can optionally contain a 
detoxified Lipid A such as Monophosphoryl lipid A (Ribi 
Immunochem. Hamilton Montana). 

This invention is further illustrated by the following 
examples, which are not construed in any way as imposing 
limitations upon the scope thereof. On the contrary, it is to be 
clearly understood that resort may be had to various 
embodiments, modifications, and equivalents thereof which, after 
reading -the description herein, may suggest themselves to those 
skilled in the art without departing from the spirit of the present 
invention and/or the scope of the appended claims. 

Example I 

Expression of P- glycoprotein in the baculovirus-insect cell system 
A full-length mdr c-DNA (clone MDR1 1) is obtained 
from Dr. Housman. The baculovirus expression vector is 
constructed as described in Webb, N.R. et al. (1989) Proc. Natl. 
Acad. ScL USA 86, 7731-7735, hereby incorporated by 
reference. A recombinant baculovirus (Ac-P) containing a cDNA 
encoding full-length P-protein under transcriptional regulation of 
the polyhedrin promoter is produced by co-transfecting pAc-P 
DNA with wild type Autographa californica nuclear polyhedrosis 
virus (AcMNPV) DNA by calcium phosphate precipitation. The 
occlusion-negative virus will be plaque -purified and propagated 
in Spodoptera frugiperda 9 cells. 

Example II 

The resulting virus is used to infect Sf-9 cells in air- 
lift fermentors as described in Webb, N.R. et al, (1989) Proc. 
Natl. Acad. Sci. USA 86, 7731-7735. Extraction and purification 
of the P-protein is performed as described in Webb, et al. The 
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Sf-9 cells expressing the P-protein is subjected to flow cytometry 
analysis using an FITC-stained goat anti-mouse antibody and a 
monoclonal antibody against the protein. The purified P-protein, 
assayed by gel electrophoresis and immunoblotting, is 
electroinserted (Mouneime, Y., et al., 1990, Biochem., hereby 
incorporated by reference) in large liposomes containing lipid A 
and injected i.m. to mice. Antibodies elicited against P-protein 
are determined by ELISA, using the recombinant protein and 
horse-radish peroxidase-conjugated goat anti-mouse 
immunoglobulins. 

P-protein peptide fragments, representing the 
externally located extracellular regions of P-protein in mice and 
humans have been synthesized and are shown in Table 3. 
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Table 3 


A. Mouse Peptide Sequences 


1 Gly Asn Met Thr Asp Ser Phe Thr Lys Ala Glu Ala Ser He Leu Pro 
15 10 15 

Ser He Thr Asn Gin Ser Gly Pro Asn Ser Thr Leu He He Ser Asn 
20 25 30 

Ser Ser Leu Glu Glu Glu 
35 

2 Lys Vai Leu Thr Ser Phe Thr Asn Lys Glu Leu Gin Ala Tyr Ala Lys 
15 10 15 

3 Leu Ser Asn Glu Tyr Ser He Gly Glu 

1 5 

4 Ser Arg Asp Asp Asp Met Glu Thr Lys Arg Gin Asn Glu Asn 
1 5 10 


B . Human Peptide Sequences 


5 Gly Glu Met Thr Asp He Phe Ala Asn Ala Glv Asn Leu Glu Asp 

15 10 15 

Leu Met Ser Asn lie Thr Asn Arg Ser Asp lie Asn Asp Thr Gly Phe 

20 25 30 

Phe Met Asn Leu Glu Glu Asp Met Thr Arg Tyr Ala Tyr Tyr Tyr Ser 
35 40 45 

6 Arg Gly Trp Lys Leu Thr 

5 

7 Thr Thr Leu Vai Leu Ser Gly Glu 

5 

8 Arg Phe Gly Ala Tyr Leu Vai Ala His Lys Leu Met Ser Phe Glu Asp 
1 5 10 15 

9 Phe Ser Lys He He Gly Vai Phe Thr Arg He Asp Asp Pro Glu Thr 

1 5 10 15 

Lys Arg Gin Asn Ser Asn Leu Phe Ser 

20 25 
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It is believed that the most preferred peptide 
fragments for eliciting an immune response and reducing 
multidrug resistance are the 14 and 16 amino acid mouse 
sequences indicated in Table 2, SEQ. ID. NOs: 4 and 2, 
respectively. 

The peptide fragments can be further modified, at 
either the N- and C- terminus, or both, by addition of carriers or 
other moieties that render the P-protein peptide more antigenic 
and by lipophilic moieties such as palmitic acid using standard 
methods well known in the art. 

Example III 

Sera containing the anti-P-protein antibodies are 
produced and used in vitro to sensitize mdr L1210 and KD cells 
to adriamycine, vincristine, doxorubicin and other chemotherapy 
drugs. Mice are inoculated with the mdr mice leukemia LI 210 
cells. After developing the disease, a group of the sick mice is 
immunized with P-protein-liposomes-lipid A and their survival 
after treatment with chemotherapy agents compared to that of the 
positive control group, subjected to the same chemotherapy. 

For example, antibodies directed against a mixture 
of all four mouse P-protein peptide fragments (SEQ. ID NOS: 1- 
4), modified with liposomes inserted in the "loop presentation" as 
shown in Figure 3 (antipeptide), and antibodies directed against 
liposomes not containing P-protein peptide fragments 
(antiliposomes) were raised in mice. 

Table 4 shows an exemplary liposome composition 
used to immunize mice. 
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Table 4: Composition of the Liposome-Peptide Antigen 


A-Lipids |ag/inoculation 


DMPC 

628 

DMPG 

70 

Cholesterol 

262 

Lipid A 

40 

+ 


Alum 

180 

B-Peptides 

38 mer 

21 

16 mer 

9 

14 mer 

8 

9 mer 

5 


Multidrug resistant LI 210 cells were then incubated 
with and without the antibodies and subsequently challenged with 
the chemotherapy drug doxorubicin. Normal L1210 cells were 
used as an additional control. It was found that cells treated with 
antipeptide antibody became more sensitive to the drug, as 
illustrated in Table 5. 
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Table 5. 

Cells % Survival 

LD50 

Normal L1210 49 

4 x lO'^M 

MDR L1210 62 

4 x 10- 5 M 

MDR L 1 2 1 0 + antiliposome 6 1 

4 x 10-5M 

MDR L1210 + antipeptide 40 

4 x 10-7M 


Figure 4 illustrates the finding that multidrug 
resistant L1210 cells treated with increasing titers of anti-P- 
protein antibody accumulate increased levels of doxorubicin and 
have a correspondingly decreased survival percentage. Similarly, 
Figure 5 illustrates the finding that there is a correlation between 
binding of anti-P-protein antibody to MDR L1210 cells and the 
accumulation within the cells of doxorubicin. The amount of 
antibody bound to, and doxorubicin accumulated within, the cells 
was measured by fluorescence. Controls using antibodies directed 
only against the liposomal carrier showed high antibody binding 
to the cells without a corresponding increase in doxorubicin 
accumulation. These results demonstrate that anti-P-protein 
antibodies are effective in decreasing multidrug resistance. 

An added advantage of the invention apparent from 
the results presented in Table 3 is the increased sensitivity, 
relative to normal cells, of MDR cells treated with antipeptide. 
The results demonstrate that MDR cells treated with antipeptide 
not only lose their multidrug resistance, but may become even 
more sensitive to the drug than normal cells. The percent 
survival of treated MDR cells is only 40%, well below that of 
normal cells (49%), and the LD50 of treated MDR cells is a full 
order of magnitude lower than normal cells as well. Thus, 
treatment of cancers and tumors with compositions of the present 
invention may permit selective and preferential targeting of 
otherwise inherently drug resistant cells, resulting in greatly 
increased efficacy of chemotherapy treatment. 
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The preferred P-protein peptide fragments are 

Lys Val Leu Thr Ser Phe Thr Asn Lvs Glu Leu Gin Ala Tyr Ala Lys 

15 10 15 

and 

Ser Arg Asp Asp Asp Met Glu Thr Lys Axg Gin Asn Glu Asn 

1 5 10 

SEQ. ID. NOS: 2 and 4, respectively. 

Figures 6 a and 6 b represent duplicate dot blot 
determinations in which antibodies directed against the liposome 
carrier alone were incubated with the 38-mer, 16-mer and 14- 
mer mouse P-protein peptide fragments, SEQ. ID. NOs: 1, 2 and 
4, respectively. 


Sample # Description 

1 A, 5D 100 ng peptide 38 mer + antiliposome serum dil 1/200 

IB, 5E 10 ng peptide + antiliposome serum dil 1/200 

IC, 5F 1 ng peptide 38 mer + antiliposome serum dil 1/200 

2 A, 6D 100 ng peptide 16 mer + antiliposome serum dil 1/200 

2B, 6E 10 ng peptide 16 mer + antiliposome serum dil 1/200 

2C, 6F 1 ng peptide 16 mer + antiliposome serum dil 1/200 

3A, 7D 100 ng peptide 14 mer + antiliposome serum dil 1/200 

3B, IE 10 ng peptide 14 mer + antiliposome serum dil 1/200 

3C, 7F 1 ng peptide 14 mer + antiliposome serum dil 1/200 

4A, 8D GAM PE and 1000 ng mouse Mab C6 

4B, 8E 100 ng mouse Mab C6 

4C, 8F 10 ng mouse Mab C6 and GAM AP 
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In contrast. Figures 7a and 7b, which represent duplicate 
dot blot determinations in which antibodies directed against a 
mixture of P-protein peptide fragments (38-mer, 16-mer, 9-mer 
and 14-mer; SEQ. ID. NOS: 1-4, respectively) in liposomes are 
incubated with 38-mer, 16-mer and 14-mer P-protein peptide 
fragments, SEQ. ID. NOS: 1, 2 and 4, respectively. 


Sample # Description 

LA, 5D 100 ng peptide 38 mer + antipepride serum dil 1/200 

IB, 5E 10 ng peptide 38 mer + antipeptide serum dil 1/200 

IC, 5F 1 ng peptide 38 mer + antipeptide serum dil 1/200 
2A, 6D 100 ng peptide 16 mer + antipeptide serum dil 1/200 
2B, 6E 10 ng peptide 16 mer + antipepride serum dil 1/200 
2C, 6F 1 ng peptide 16 mer + antipeptide serum dil 1/200 

3 A, 7D 100 ng peptide 14 mer + antipeptide serum dil 1/200 

3BJE 10 ng peptide 14 mer + antipeptide serum dil 1/200 

3C, 7F 1 ng peptide 14 mer + antipeptide serum dil 1/200 

4A, 8E 1000 ng mouse Mab C6 

4B, 8D GAM AP and 100 ng mouse Mab C6 

4C, 8F GAM PE and 10 ng mouse Mab C6 
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As can be seen the antipeptide serum reacts with the mouse 16- 
mer and 14-mer, SEQ. ED. NOS: 2 and 4, respectively. 

While the invention has been described in detail and 
with reference to specific embodiments thereof, it will be 
apparent to one skilled in the art that various changes and 
modifications can be made therein without departing from the 
spirit and scope thereof. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION : 

(13 APPLICANT : Micolau, Yves Claude, 

Tosi, Pierre-Francois 
(ii) TITLE OF- INVENTION: Method For Reducing Multidrug 

Resistance in Ceils and Tissues 
(ill) NUMBER OF SEQUENCES: 3 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Jones & Askew 

(B) STREET: 191 Peachtree Stress, 37th Floor 

(C) CITY: Atlanta 

(D) STATE: Georgia 
(El COUNTRY: USA 
(F) IIP: 20303-1769 

(v) COMPUTER READABLE FORM: 

(K) MEDIUM TYPE: Diskette, 3. SO 

(B) COMPUTER: Macintosh 

(C) OPERATING SYSTEM: 7.0 

(D) SOFTWARE: Microsoft Word 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 07/970,416 

(B) FILING DATE: January 13, 1993 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(viii) ATTORNEY/ AGENT INFORMATION: 

(A) NAME: Larrv W. Stults 

(B) REGISTRATION: 34,025 

(C) REFERENCE /DOCKET NUMBER: 05213-0020 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE 404-318-3700 
(3) TELEFAX: 404-313-3799 

(2) INFORMATION FOR SEQ. ID NO : 1: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 3 

(B) TYPE: ceptide 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1: 

Gly Asn Met Thr Asp Ser Pile Thr Lys Ala GIu Ala Ser lie Leu Pro 
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1 5 .10 13 

Ser lie Thr Asn Gin Ser Gly Pro Asn Ser Thr Leu lie lie Ser Asn 

20 25 30 

Ser Ser Leu Glu Giu Giu 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 

(B) TYPE: peptide 

(D) TOPOLOGY: linear 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2: 

Lys Val Leu Thr Ser Phe Thr Asn Lys Giu Leu Gin Ala Tyr Ala Lvs 
1 5 10 IS 

(4) INFORMATION FOR SEQ ID NO : 3: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 

(B) TYPE: peptide 

(D) TOPOLOGY: linear 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

Leu Ser Asn Glu Tyr Ser lie Gly Glu 

1 5 

(5) INFORMATION FOR SEQ ID NO: 4: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 

(B) . TYPE: oeotide 
(D). TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Ser Arg Asp Asp Asp Mec Giu Thr Lys Arg Gin Asn Glu Asn 

15 10 

(6) INFORMATION FOR SEQ ID NO: 5: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 47 

(B) TYPE: peotide 

(D) TOPOLOGY: linear 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

Gly Giu Men Thr Asp lie Phe Ala Asn Ala Gly Asn Leu Glu Asd Leu 
1 5 10 " 15" 
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Met Ser Asn lie Thr Asn Arg Ser Asp lie Asn Aso Thr Glv Phe ?he 
20 25 ~ 30" 

Met: Asn Leu Glu Glu Asp Men Thr Arg Tvr Ala Tyr Tyr Tyr Ser 
35 40 * 45 

(7) INFORMATION FOR SEQ ID NO : 6: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 

(B) TYPE: peptide 

(D) TOPOLOGY : linear 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 6: 

Arg Gly Trp Lys Leu Thr 
1 * * - 

-J 

(8) INFORMATION FOR SEQ ID NO: 7: 
SEQUENCE CHARACTERISTICS: 

(A) LENGTH: "3 

(B) TYPE: peotide 

(D) TOPOLOGY": linear 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

Thr Thr Leu Val Leu Ser Gly Glu 

1 5 

(9) INFORMATION FOR SEQ ID NO : 8: 
(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 16 

(B) TYPE: penride 

(C) TOPOLOGY*: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 8: 

Arg Phe Gly Ala Tyr Leu Val Ala His Lys Leu Met Ser Phe Glu Ass 
1 5 10 15 

(10) INFORMATION FOR SEQ ID NO : 9: 
SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: pentide 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

Phe Ser Lys He He Gly Val Phe Thr Arg He Asd Aso Pro Glu Thr 
1 5 IG 15 

Lys Arg Gin Asn Ser Asn Leu Phe Se^ 
20 25 
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Claims: 

1. A composition comprising, 

P-glycoprotein inserted in a liposome wherein one or 
more of the portions of the P-glycoprotein molecule that are 
exposed on the outer surface of cells are externally exposed on 
the surface of the liposome. 
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2. The composition of claim 1, wherein the 
externally exposed portions of the P-glycoprotein are selected 
from the group consisting of 

Gly Asn Met Thr Asp Ser Phe Thr Lys Ala Glu Ala Ser lie Leu Pro 
15 10 15 

Ser He Thr Asn Gin Ser Gly Pro Asn Ser Thr Leu He He Ser Asn 

20 25 30 

Ser Ser Leu Glu Glu Glu 

35 


SEQ ID. NO: 1; 


Lys Val Leu Thr Ser Phe Thr Asn Lys Glu Leu Gin Ala Tyr Ala Lys 
15 10 15 


SEQ ID. NO: 2; 


Leu Ser Asn Glu Tyr Ser He Gly Glu 
1 5 


SEQ ID. NO: 3; 


Ser Arg Asp Asp Asp Met Glu Thr Lys Arg Gin Asn Glu Asn 
1 5 10 


SEQ ID. NO: 4; 


Gly Glu Met Thr Asp He Phe Ala Asn Ala Gly Asn Leu Glu Asp 

15 10 15 

Leu Met Ser Asn He Thr Asn Arg Ser Asp He Asn Asp Thr Gly Phe 
20 25 30 

Phe Met Asn Leu Glu Giu Asp Met Thr Arg Tyr Ala Tyr Tyr Tyr Ser 

35 40 45 


SEQ ID. NO: 5; 


Arg Gly Trp Lys Leu Thr 

5 


SEQ ID. NO: 6: 


Thr Thr Leu Val Leu Ser Gly Glu 
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SEQ ID. NO: 7; 


Arg Phe Gly Ala Tyr Leu Val Ala His Lvs Leu Met Ser Phe Glu Asp 

15 10 15 

SEQ ID. NO: 8; AND 

Phe Ser Lys lie He Gly Val Phe Thr Arg lie Asp Asp Pro Glu Thr 
15 10 15 

Lys Arg Gin Asn Ser Asn Leu Phe Ser 

20 25 


SEQ ID. NO: 9. 


3. Tlie composition of Claim 1, wherein at least 

Lys Val Leu Thr Ser Phe Thr Asn Lys Glu Leu Gin Ala Tyr Ala Lys 

15 10 15 

(SEQ ID. NO. 2) is exposed on the surface of the liposome. 


4. The composition of Claim 1, wherein at least 

Ser Arg Asp Asp Asp Met Glu Thr Lys Arg Gin Asn Glu Asn 
1 5 10 

(SEQ ID. NO. 4) is exposed on the surface of the liposome. 

5. The composition of claim 1, further 
comprising an adjuvant. 

6. The composition of claim 5, wherein the 
adjuvant is selected from the group consisting of lipophilic 
muramyl dipeptide derivatives, nonionic block polymers, 
aluminum hydroxide, aluminum phosphate and Lipid A. 

7. The composition of Claim 5, wherein the 
adjuvant is Lipid A. 
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8, A composition comprising, 

an amino acid sequence which corresponds to 
an amino acid sequence of P-glycoprotein that is externally 
exposed on the surface of cells. 


9. The composition of Claim 8, wherein the 
amino acid sequence is selected from the group consisting of: 


SEQ ID. NO: 1: 

Gly Asn Met Thr Asp Ser Phe Thr Lys Ala Glu Ala Ser lie Leu Pro 

15 10 15 

Ser lie Thr Asn Gin Ser Gly Pro Asn Ser Thr Leu He lie Ser Asn 
20 25 30 

Ser Ser Leu Glu Glu Glu 

35 

SEQ ID. NO: 2: 

Lys Vai Leu Thr Ser Phe Thr Asn Lys Glu Leu Gin Ala Tyr Ala Lys 
1 5 10 15 


SEQ ID. NO: 3: 

Leu Ser Asn Glu Tyr Ser He Gly Glu 
1 5 


SEQ ID. NO: 4: 

Ser Arg Asp Asp Asp Met Glu Thr Lys Arg Gin Asn Glu Asn 
1 5 10 


SEQ ID. NO: 5: 

Gly Glu Met Thr Asp He Phe Ala Asn Ala Gly Asn Leu Glu Asp 
1 5 10 15 

Leu Met Ser Asn lie Thr Asn Arg Ser Asp He Asn Asp Thr Gly Phe 
20 25 30 

Phe Met Asn Leu Glu Glu Asp Met Thr Arg Tyr Ala Tyr Tyr Tyr Ser 

35 40 45 


SEQ ID. NO: 6: 

Arg Gly Tip Lys Leu Thr 
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SEQ ID. NO: 7: 

Thr Thr Leu Val Leu Ser Gly Glu 

5 

SEQ ID. NO: 8: 

Arg Phe Gly AJa Tyr Leu Val Ala His Lvs Leu Met Ser Phe Glu Asp 

1 ~ 5 10 15 

SEQ ID. NO: 9: 

Phe Ser Lys He He Gly Val Phe Thr Arg He Asp Asp Pro Glu Thr 

1 5 .10 15 

Lys Arg Gin Asn Ser Asn Leu Phe Ser 
20 25 

10. The composition of Claim 8, wherein the 
amino acid sequence is: 

Lys Val Leu Thr Ser Phe Thr Asn Lys Glu Leu Gin Ala Tyr Ala Lys 
15 10 15 

(SEQ ID. NO. 2). 

11. The composition of Claim 8, wherein the 
amino acid sequence is: 

Ser Arg Asp Asp Asp Met Glu Thr Lys Arg Gin Asn Glu Asn 
1 5 10 

(Seq ID. No. 4). 

12. The composition of claim 8, further 
comprising an adjuvant. 

13. The composition of claim 12, wherein the 
adjuvant is selected from the group consisting of lipophilic 
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muramyl dipeptide derivatives, nonionic block polymers, 
aluminum hydroxide, aluminum phosphate and Lipid A. 

14. The composition of Claim 12, wherein the 
adjuvant is Lipid A. 

15. The composition of Claim 8, further 
comprising an antigenic carrier attached to the amino acid 
sequence so as to elicit an immune response against the amino acid 
sequence when administered to a human or animal. 

16. The composition of Claim 8, further 
comprising at least one lipophilic moiety attached to the amino 
acid sequence and a liposome, wherein the lipophilic moiety is 
inserted into the liposome such that the amino acid sequence is 
exposed on the external surface of the liposome. 

17. The composition of Claim 16, wherein the 
lipophilic moiety comprises at least one long chain fatty acid 
having at least 10 carbon atoms in the lipid backbone. 

18. The composition of Claim 17, wherein the 
lipophilic moiety is selected from the group consisting of palmitic 
acid, stearic acid, myristic acid, lauric acid, oleic acid, linoleic 
acid, and linolenic acid. 

19. The composition of Claim 18 wherein the 
lipophilic moiety is palmitic acid. 

20. The composition of claim 16, further 
comprising an adjuvant. 

21. The composition of claim 20, wherein the 
adjuvant is selected from the group consisting of lipophilic 
muramyl dipeptide derivatives, nonionic block polymers, 
aluminum hydroxide, aluminum phosphate and Lipid A 
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22. The composition of Claim 21, wherein the 
adjuvant is Lipid A. 

23. A method for reducing multidrug resistance in 
a human or animal comprising, 

administering to a human or animal having 
multidrug resistance an effective amount of a P-glycoprotein- 
containing liposome composition, wherein the P-glycoprotein is 
inserted into the liposome membrane such that one or more of the 
portions of the P-glycoprotein molecule that are exposed on the 
outer surface of cells are externally exposed on the outer surface 
of the liposome. 

24. The method of claim 23, wherein said 
externally exposed portion of the P-glycoprotein is selected from 
the group consisting of: 

Gly Asn Met Thr Asp Ser Phe Thr Lys Ala Glu Ala Ser He Leu Pro 
15 10 15 

Ser He Thr Asn Gin Ser Gly Pro Asn Ser Thr Leu He lie Ser Asn 
20 25 30 

Ser Ser Leu Glu Glu Glu 
35 

SEQ ID. NO: 1; 

Lys Val Leu Thr Ser Phe Thr Asn Lys Glu Leu Gin Ala Tyr Ala Lys 
15 10 15 

SEQ ID. NO: 2; 

Leu Ser Asn Glu Tyr Ser He Gly Glu 

1 5 

SEQ ID. NO: 3; 

Ser Arg Asp Asp Asp Met Glu Thr Lys Arg Gin Asn Glu Asn 
I 5 10 
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SEQ ID. NO: 4; 


Gly Glu Met Thr Asp He Phe Ala Asn Ala Gly Asn Leu Glu Asp 
15 10 15 

Leu Met Ser Asn He Thr Asn Arg Ser Asp He Asn Asp Thr Gly Phe 
20 25 30 

Phe Met Asn Leu Glu Glu Asp Met Thr Arg Tyr Ala Tyr Tyr Tyr Ser 

35 40 45 

SEQ ID. NO: 5; 


Arg Gly Trp Lys Leu Thr 

5 

SEQ ID. NO: 6: 


Thr Thr Leu Val Leu Ser Gly Glu 

5 

SEQ ID. NO: 7; 


Arg Phe Gly Ala Tyr Leu Val Ala His Lys Leu Met Ser Phe Glu Asp 
1 5 10 15 

SEQ ID. NO: 8; AND 

Phe Ser Lys He He Gly Val Phe Thr Arg He Asp Asp Pro Glu Thr 

1 5 10 15 

Lys Arg Gin Asn Ser Asn Leu Phe Ser 

20 25 

SEQ ID. NO: 9. 


25. The method of Claim 24, wherein at least 

Lys Val Leu Thr Ser Phe Thr Asn Lys Glu Leu Gin Ala Tyr Ala Lys 
15 10 15 

(SEQ ID. NO. 2) is exposed on the surface of the liposome. 

26. The method of Claim 24, wherein at least is 

Ser Arg Asp Asp Asp Met Glu Thr Lys Arg Gin Asn Glu Asn 
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1 5 10 

(SEQ ID. NO. 4) exposed on the surface of the liposome. 

27. The method of claim 23, further comprising 

an adjuvant. 

28. The method of claim 27, wherein the adjuvant 
is selected from the group consisting of lipophilic muramyl 
dipeptide derivatives, nonionic block polymers, aluminum 
hydroxide, aluminum phosphate and Lipid A. 

29. The composition of Claim 28, wherein the 
adjuvant is Lipid A. 

30. A method for reducing multidrug resistance in 
a human or animal comprising, 

administering to a human or animal having 
multidrug resistance an effective amount of an amino acid 
sequence corresponding to an amino acid sequence of P- 
glycoprotein that is externally exposed on the surface of cells. 

31. The method of Claim 30, wherein the amino 
acid sequence is selected from the group consisting of 

Gly Asn Met Thr Asp Ser Phe Thr Lys Ala Glu Ala Ser He Leu Pro 
15 10 15 

Ser He Thr Asn Gin Scr Gly Pro Asn Ser Thr Leu He lie Ser Asn 
20 25 30 

Ser Ser Leu Glu Glu Glu 

35 

SEQ ID. NO: 2: 

Lys Val Leu Thr Ser Phe Thr Asn Lys Glu Leu Gin Ala Tyr Ala Lys 
1 5 10 15 


SEQ ID. NO: 3: 

Leu Ser Asn Glu Tyr Ser He Gly Glu 
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SEQ ID. NO: 4: 

Ser Arg Asp Asp Asp Met Glu Thr Lys Arg Gin Asn Glu Asn 

1 5 10 


SEQ ID. NO: 5: 

Gly Glu Met Thr Asp He Phe Ala Asn Ala Gly Asn Leu Glu Asp 
1 5 10 15 

Leu Met Ser Asn He Thr Asn Arg Ser Asp He Asn Asp Thr Gly Phe 

20 ^ 25 1 30 

Phe Met Asn Leu Glu Glu Asp Met Thr Arg Tyr Ala Tyr Tyr Tyr Ser 
35 40 45 


SEQ ID. NO: 6: 

Arg Gly Trp Lys Leu Thr 

5 


SEQ ID. NO: 7: 

Thr Thr Leu Val Leu Ser Gly Glu 

5 

SEQ ID. NO: 8: 

Arg Phe Gly Ala Tyr Leu Val Ala His Lys Leu Met Ser Phe Glu Asp 
1 5 10 15 


SEQ ID. NO: 9: 

Phe Ser Lys He lie Gly Val Phe Thr Arg Be Asp Asp Pro Glu Thr 

15 10 15 

Lys Arg Gin Asn Ser Asn Leu Phe Ser 
20 25. 
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32. The method of Claim 31, wherein the amino 
acid sequence is: 

Lys Val Leu Thr Ser Phe Thr Asn Lys Glu Leu Gin Ala Tyr Ala Lys 

15 10 15 

(SEQ ID. NO. 2). 

33. The method of Claim 31, wherein the amino 
acid sequence is: 

Ser Arg Asp Asp Asp Met Glu Thr Lys Arg Gin Asn Glu Asn 
1 5 10 

(SEQ ID. NO. 4). _ 

34. The method of claim 30, further comprising 

an adjuvant. 


35. The method of claim 34, wherein the adjuvant 
is selected from the group consisting of lipophilic muramyl 
dipeptide derivatives, nonionic block polymers, aluminum 
hydroxide, aluminum phosphate and Lipid A. 

36. The composition of Claim 35, wherein the 
adjuvant is Lipid A. 

37. The method of Claim 30, further comprising 
an "antigenic carrier" attached to the amino acid sequence so as to 
elicit an immune response against the amino acid sequence when 
administered to a human or animal. 
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38. The method of Claim 30, further comprising 
at least one lipophilic moiety attached to the amino acid sequence, 
and a liposome, wherein the lipophilic moiety is inserted into the 
liposome such that the amino acid sequence is exposed on the 
external surface of the liposome. 

39. The method of Claim 38, wherein the 
lipophilic moiety has a long chain fatty acid with 10 to 24 carbon 
atoms in the lipid backbone. 

40. The method of Claim 39, wherein the 
lipophilic moiety is selected from the group consisting of palmitic 
acid, stearic acid myristic acid, lauric acid, oleic acid, linoleic 
acid, and linolenic acid. 

41. The method of Claim 40 wherein the lipophilic 
moiety is palmitic acid. 

42. The method of claim 38, further comprising 

an adjuvant. 

43. The method of claim 42, wherein the adjuvant 
is selected from the group consisting of lipophilic muramyl 
dipeptide derivatives, nonionic block polymers, aluminum 
hydroxide, aluminum phosphate and Lipid A. 

44. The method of Claim 43, wherein the adjuvant 

is Lipid A. 

45. A composition, comprising antibodies capable 
of specifically binding to one or more portions of P-glycoprotein 
that is externally exposed on the outer surface of a cell. 
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46. The composition of claim 45, wherein the 
antibodies specifically bind to an externally exposed portions of 
the P-glycoprotein selected from the group consisting of: 

Gly Asn Met Thr Asp Ser Phe Thr Lys Ala Glu Ala Ser lie Leu Pro 
15 10 15 

Ser He Thr Asn Gin Ser Gly Pro Asn Ser Thr Leu He He Ser Asn 

20 25 30 

Ser Ser Leu Glu Glu Glu 

35 

SEQ ID. NO: 1; 

Lys Val Leu Thr Ser Phe Thr Asn Lys Glu Leu Gin Ala Tyr Ala Lys 
15 10 15 

SEQ ID. NO: 2; 

Leu Ser Asn Glu Tyr Ser He Gly Glu 
1 5 

SEQ ID. NO: 3; 

Ser Arg Asp Asp Asp Met Glu Thr Lys Arg Gin Asn Glu Asn 
1 5 10 

SEQ ID. NO: 4; 

Gly Glu Met Thr Asp He Phe Ala Asn Ala Gly Asn Leu Glu Asp 
1 5 10 15 

Leu Met Ser Asn He Thr Asn Arg Ser Asp He Asn Asp Thr Gly Phe 
20 25 30 

Phe Met Asn Leu Glu Glu Asp Met Thr Arg Tyr Ala Tyr Tyr Tyr Ser 
35 40 45 

SEQ ID. NO: 5; 

Arg Gly Trp Lys Leu Thr 
5 

SEQ ID. NO: 6; 

Thr Thr Leu Val Leu Ser Gly Glu 
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5 

SEQ ID. NO: 7; 

Arg Phe Gly Ala Tyr Leu Val Ala His Lys Leu Met Ser Phe Glu Asp 
15 10 15 

SEQ ID. NO: 8; AND 

Phe Ser Lys He He Gly Val Phe Thr Arg He Asp Asp Pro Glu Thr 

15 10 15 

Lys Arg Gin Asn Ser Asn Leu Phe Ser 
20 25 

SEQ ID. NO: 9. 


47. The composition of Claim 46, wherein the 
antibody specifically binds the amino acid sequence: 

Lys Val Leu Thr Ser Phe Thr Asn Lys Glu Leu Gin Ala Tyr Ala Lys 
15 10 15 

(SEQ ID, NO. 2) 

48. The composition of Claim 46, wherein the 
antibody specifically binds the amino acid sequence: 

Ser Arg Asp Asp Asp Met Glu Thr Lys Arg Gin Asn Glu Asn 
1 5 10 

(SEQ ID. NO. 4) 

49. The composition of Claim 45, wherein the 
antibodies reduce multidrug resistance of cells having P- 
glycoprotein. 

50. A method for reducing multidrug resistance in 
a human or animal comprising, 

administering to a human or animal having 
multidrug resistance an amount of antibodies capable of 
specifically binding to one or more portions of P-glycoprotein 
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that are externally exposed on the outer surface of a cell effective 
for reducing the multidrug resistance. 

51. The method of Claim 50 where the antibodies 
are directed against the amino acid sequence: 

Lys Val Leu Thr Ser Phe Thr Asn Lys Glu Leu Gin Ala Tyr Ala Lys 
15 10 15 

(SEQ ID. NO. 2). 

52. The method of Claim 50 where the antibodies 
are directed against the amino acid sequence: 

Ser Arg Asp Asp Asp Met Glu Thr Lys Arg Gin Asn Glu Asn 
1 5 10 

(SEQ ID. NO. 4). 
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FIGURE 6A 
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FIGURE 6B 
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